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Effect of salpingectomy on ovarian
response to hyperstimulation during
in vitro fertilization: a meta-analysis
Minghui Fan, M.D. and Lin Ma, M.D., Ph.D.
Center for Reproductive Medicine, The Third Afﬁliated Hospital of Sun Yat-sen University, Guangzhou, People's
Republic of ChinaObjective: To compare ovarian response to hyperstimulation during IVF between patients who did and did not undergo salpingectomy.
Design: Meta-analysis.
Setting: University-afﬁliated teaching hospital.
Patient(s): Patients undergoing IVF who did and did not undergo salpingectomy.
Intervention(s): None.
Main OutcomeMeasure(s): The total dose of gonadotropin, duration of hyperstimulation, E level on the day of hCG injection, number
of oocytes retrieved, and basal FSH level were evaluated because these reﬂect ovarian response.
Result(s): Twenty-ﬁve studies were identiﬁed through searches conducted on PubMed, Cochrane Libraries, Ovid, Web of Science, Sci-
ence Direct, China National Knowledge Infrastructure, and Wanfang Database through October 2015. The 25 studies included 1,935
patients who underwent salpingectomy and 2,893 who did not. Fixed-effects and random-effects models were used to calculate the
overall combined risk estimates. The results of the meta-analysis suggest that salpingectomy impairs ovarian response to
hyperstimulation. The total dose of gonadotropin was signiﬁcantly increased after combined salpingectomy (inverse variance [IV]
0.10 [95% conﬁdence interval (CI) 0.03, 0.16]; I2 ¼ 30%) and bilateral salpingectomy (IV [95% CI] 0.23 [0.09, 0.37]; I2 ¼ 36%). The
number of oocytes retrieved decreased signiﬁcantly after unilateral salpingectomy (IV [95% CI] 0.17 [0.27, 0.06]; I2 ¼ 31%)
and bilateral salpingectomy (IV [95% CI] 0.20 [0.32, 0.08]; I2 ¼ 48%). In addition, a statistically signiﬁcant reduction was
found between the number of oocytes retrieved from the ipsilateral and contralateral ovary (IV [95% CI] 0.25 [0.40, 0.10]; I2 ¼
48%). Finally, bilateral salpingectomy may lead to an increase in the FSH level (IV [95% CI] 0.39 [0.20, 0.59]; I2 ¼ 0%).
Heterogeneity moderators were identiﬁed by performing subgroup and sensitivity analyses. No evidence of publication bias was
observed.
Conclusion(s): This meta-analysis indicated that salpingectomy may impair ovarian response to hyperstimulation during IVF. Further
high-quality research is needed to conﬁrm our ﬁndings and to develop therapeutic methods that are alternatives to salpingectomy for
maternal well-being. (Fertil Steril 2016;106:322–9.2016 The Authors. Published by Elsevier Inc. on behalf of the American Society
for Reproductive Medicine. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).)
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of ART. Many situations arise in the
clinic that may lead to an unsatisfactory
ovarian response after ovulatory
hyperstimulation. One potential
difﬁculty is a history of salpingectomy.
Salpingectomy is a treatment op-
tion in cases of hydrosalpinx and
ruptured ectopic pregnancy. Because
of the close relationship between the
mesosalpinx and ovarian blood supply,
salpingectomy may compromise
ovarian response (4). Numerous studies
have compared ovarian response to IVF
procedures between patients whoVOL. 106 NO. 2 / AUGUST 2016
Fertility and Sterility®underwent salpingectomy and a control group of infertile fe-
males who did not undergo salpingectomy; however, the re-
sults are inconsistent. Some studies reported that
salpingectomy causes a reduction in ovarian response (5–
15), whereas others reported no change (16–29). A meta-
analysis of the current literature had not been reported previ-
ously. Given the inconsistency of the existing studies, we con-
ducted a meta-analysis to provide a comprehensive
comparison of the ovarian response to hyperstimulation dur-
ing IVF between patients who underwent salpingectomy and
those who did not.
MATERIALS AND METHODS
Literature Search
Unconstrained searches were conducted on PubMed, Co-
chrane Libraries, Ovid, Web of Science, ScienceDirect, China
National Knowledge Infrastructure, and Wanfang Database
with an end date of October 2015. The search terms included
the following: ‘‘salpingectomy,’’ ‘‘tubal disease,’’ ‘‘hydrosal-
pinx,’’ ‘‘ovarian response,’’ ‘‘ovarian function,’’ ‘‘in vitro fertil-
ization/IVF,’’ and ‘‘intracytoplasmic sperm injection/ICSI.’’
References in seminal articles, review articles, and medical
textbooks were reviewed. The grey literature and conference
abstracts were not included in the search.Outcome Measures
The main outcome of interest was the ovarian response to
controlled ovarian hyperstimulation during IVF with and
without salpingectomy. We compared the ovarian response
not only between the salpingectomy and control groups but
also between the ipsilateral ovary and contralateral ovary.
Parameters including the total dose of gonadotropin (Gn)
used, duration of hyperstimulation, estrogen (E) level on the
day of hCG injection, number of oocytes retrieved, and basal
level of FSH were used to reﬂect the ovarian response.Selection Criteria
Identiﬁed studieswere included in themeta-analysis if they [1]
were published in English or Chinese; [2] had a prospective or
retrospective design; [3] examined the ovarian response
to controlled ovarian hyperstimulation during IVF; [4]
used IVF and/or intracytoplasmic sperm injection as the expo-
sure of interest; and [4] reportedmean and standard deviations
(SD). Studies were excluded if [1] they were review articles,
federal government reports, or conference abstracts/presenta-
tions; [2] the same center and/or authors published articles
that included patients in the same or overlapping period; or
[3] the control group included patients with tubal surgery.Data Extraction and Statistical Analysis
There was no contact with the authors of the selected studies
for additional information. We performed a meta-analysis in
accordance with MOOSE (meta-analysis of observational
studies in epidemiology) guidelines (30). All analyses were
based on previous published studies; therefore, no ethical
approval or patient consent was required. A standardizedVOL. 106 NO. 2 / AUGUST 2016data collection form was used for data extraction. We
collected the mean and SD of parameters reﬂecting the
ovarian response. In addition, we extracted characteristics
of each study, including the ﬁrst author's name, year of pub-
lication, study period, geographic region, type of study, de-
tails of the participants (number of cycles in the unilateral
and bilateral salpingectomy subgroups, total number of cy-
cles, and reason for salpingectomy, as well as the number of
cycles and infertility reason for the control group), IVF proto-
col, outcomes, effects, and statistical method. Inverse vari-
ance (IV) weighting was used to measure the association
between salpingectomy and ovarian response. The mean dif-
ference or standard mean difference and the corresponding
95% conﬁdence interval (CI) were calculated using either
ﬁxed-effects or random-effects models in the presence of het-
erogeneity. In statistics, IV weighting is a method of aggre-
gating two or more random variables to minimize the
variance of the sum. Each random variable in the sum is
weighted in inverse proportion to its variance. Inverse vari-
ance weighting is typically used to pool the odds ratio (OR)
in a statistical meta-analysis to combine results from inde-
pendent studies. Results are presented as IV and 95% CI. Sta-
tistical heterogeneity among the results of the included
studies was identiﬁed and quantiﬁed formally with the I2 sta-
tistic (31, 32). I2 R 50% indicates substantial heterogeneity.
Sensitivity analyses were conducted to explore possible
explanations for heterogeneity and to examine the
inﬂuence of various exclusion criteria on the overall risk
estimate. We investigated the inﬂuence of a single study on
the overall risk estimate by omitting one study each time.
Subgroup analyses were performed by omitting studies
within the same category according to the protocol type,
geographic region, whether the study used a case–control or
self-contrast method, and whether the study design was pro-
spective or retrospective. Publication bias was assessed by vi-
sual inspection of the Begg's funnel plots (33). The software
used for data extraction and analysis was Review Manager
5.3 (Copenhagen: Nordic Cochrane Centre, Cochrane Collab-
oration). P< .05 was considered statistically signiﬁcant.RESULTS
Literature Search
The literature search extracted 1,167 articles from the 7 data-
bases. Most articles were excluded after the ﬁrst screening on
the basis of the title and abstract. Thirty-four articles were
considered relevant to the topic and were read in full.
Figure 1 shows the ﬂow diagram of the selection process.
Finally, 25 studies were included in the meta-analysis: 12 in
English (5–7,10,15,16,19, 20, 23–25, 28) and 13 in Chinese
(8, 9,11–14,17,18, 21, 22, 26, 27, 29).Study Characteristics
Characteristics of the included studies, which were published
between 1999 and 2015, are summarized in Supplemental
Table 1 (available online). Nineteen studies were conducted
in Asia, four were conducted in Europe, one was conducted
in Africa, and one was conducted in the United States.323
FIGURE 1
Flowchart showing the study selection process for the meta-analysis.
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ORIGINAL ARTICLE: ASSISTED REPRODUCTIONTwenty-one studies were retrospective, and four were pro-
spective. Regarding the IVF protocol, 18 studies used the
GnRH (a long program), 3 used the GnRH (a short program),
3 used other programs, and 1 was unclear. Among the 25
selected studies, the characteristics of those reporting the out-
comes of interest were as follows: 21 reported the total dose of
Gn used; 21 reported the duration of stimulation; 14 reported
the E level on hCG injection day; 21 reported the number of
oocytes retrieved; and 10 reported the basal level of FSH.
Ten studies compared the ovarian response to hyperstimula-
tion between the ipsilateral ovary and contralateral ovary us-
ing the number of oocytes retrieved. In addition, 12 and 9
studies compared the ovarian response between unilateral/
bilateral salpingectomy subgroups and the control group
(including self-control studies), respectively. All of the studies
were age-matched, with all participants younger than 40 years
during the IVF cycles, which increased the comparability of
the studies. Of the 25 included studies, 11 suggested that sal-
pingectomy had a signiﬁcant association with the ovarian
response in IVF patients in at least some aspects.Ovarian Response of the Salpingectomy Group
Compared with that of the Control Group
Total stimulation dose. Of the 21 studies comparing the total
dose of Gn used in the salpingectomy and control groups,
three (13, 14, 21) demonstrated a statistically signiﬁcant
difference. The meta-analysis demonstrated that, overall,
the total dose of Gn used after salpingectomy was signiﬁ-
cantly increased compared with the control group (IV 0.10
[95% CI 0.03, 0.16]; P¼ .004) and had some evidence of
heterogeneity (I2¼ 30%). In the subgroup analysis, no signif-
icant heterogeneity was found across protocol type (I2¼ 0%),
geographic region (I2 ¼ 9.2%), study method (I2 ¼ 0%), or
study design (I2 ¼ 0%) (Supplemental Fig. 1A,
Supplemental Table 2).
Duration of stimulation. Of the 21 studies comparing the
duration of stimulation in the salpingectomy and control
groups, only one (14) showed a statistically signiﬁcant324difference. The meta-analysis demonstrated that, overall,
the duration of stimulation after salpingectomy was not sta-
tistically signiﬁcantly different from that of the control group
(IV 0.01 [95% CI 0.14, 0.12]; P¼ .88) and had substantial
evidence of heterogeneity (I2 ¼ 72%). In the sensitivity anal-
ysis, with the exclusion of one study (6), the results were still
not statistically signiﬁcant (0.07 [0.01, 0.14]; P¼ .02) but had
lower heterogeneity (I2¼ 37%). The subgroups with estimated
heterogeneity were as follows: protocol type (I2 ¼ 0%);
geographic region (I2 ¼ 92.8%; if study was excluded, then
I2 ¼ 0%); study method (I2 ¼ 0%); and study design (I2 ¼
57.8%; if study was excluded, then I2 ¼ 36.2%). With the
exclusion of study (6), which contributed to heterogeneity,
the ﬁnal result was very different. Thus, the study could not
be excluded, and a random-effects model was used to analyze
the data. The result was not statistically signiﬁcant (0.01
[0.14, 0.12]; P¼ .88) and had substantial evidence of hetero-
geneity (I2 ¼ 72%) (Supplemental Fig. 1B, Supplemental
Table 2).
Estrogen on hCG injection day. Of the 14 studies comparing
the E level on hCG injection day in the salpingectomy and con-
trol groups, only one study (5) showed a statistically signiﬁ-
cant difference. The meta-analysis demonstrated that,
overall, E on hCG injection day after salpingectomy was not
statistically signiﬁcantly different from that of the control
group (IV 0.10 [95% CI 0.26, 0.06]; P¼ .21) and had sub-
stantial evidence of heterogeneity (I2¼ 62%). In the sensitivity
analysis, with the exclusion of one study (6), the results were
still not statistically signiﬁcant (0.05 [0.14, 0.05]; P¼ .32)
but had lower heterogeneity (I2 ¼ 13%). The subgroups with
estimated heterogeneity were as follows: protocol type (I2 ¼
0%); geographic region (I2 ¼ 90.6%; if study was excluded,
then I2 ¼ 0%); and study method (I2 ¼ 14.4%; if study was
excluded, then I2 ¼ 0%). Thus, we excluded study (6) because
it contributed to heterogeneity but had no inﬂuence on the
result (Supplemental Fig. 1C, Supplemental Table 2).
Number of oocytes retrieved. Of the 22 studies comparing
the number of oocytes retrieved in the salpingectomy and
control groups, four (8,11–13) showed a statistically
signiﬁcant difference. The meta-analysis demonstrated that,
overall, the number of oocytes retrieved after salpingectomy
was not statistically signiﬁcantly different from that of the
control group (IV 0.09 [95% CI 0.20, 0.03]; P¼ .15) and
had substantial evidence of heterogeneity (I2 ¼ 65%). In the
sensitivity analysis, with the exclusion of one study (6), the
result was statistically signiﬁcant (0.10 [0.17, 0.04];
P¼ .001) and had lower heterogeneity (I2 ¼ 44%). The sub-
groups with estimated heterogeneity were as follows: protocol
type (I2 ¼ 0%); geographic region (I2 ¼ 91.6%; if study was
excluded, then I2 ¼ 0%); study method (I2 ¼ 0%); and study
design (I2 ¼ 58.1%; if study was excluded, then I2 ¼
19.0%). With the exclusion of study (6), which contributed
to heterogeneity, the ﬁnal result was very different. Thus,
the study could not be excluded, and a random-effects model
was used to analyze the data. The result was not statistically
signiﬁcant (0.09 [0.20, 0.03]; P¼ .15) and had substantial
evidence of heterogeneity (I2 ¼ 65%) (Supplemental Fig. 1D,
Supplemental Table 2).VOL. 106 NO. 2 / AUGUST 2016
Fertility and Sterility®Basal level of FSH. Of the 10 studies comparing the basal
level of FSH in the salpingectomy and control groups, 4 (5,
6, 15, 27) showed statistically signiﬁcant differences. The
meta-analysis demonstrated that, overall, the basal level of
FSH after salpingectomy was statistically signiﬁcantly
increased compared with that of the control group (IV 0.19
[95% CI 0.03, 0.35]; P¼ .02) and had substantial evidence of
heterogeneity (I2 ¼ 58%). In the sensitivity analysis, with
the exclusion of one study (6), the result was still statistically
signiﬁcant (0.14 [0.04, 0.25]; P¼ .03) and had lower heteroge-
neity (I2¼ 36%). The subgroups with estimated heterogeneity
were as follows: protocol type (I2 ¼ 0%); geographic region
(I2 ¼ 80.4%; if study was excluded, then I2 ¼ 44.2%); and
study design (I2 ¼ 88.3%; if study was excluded, then the
remaining nine studies were all retrospective studies). Thus,
we excluded study (6) because it contributed to the heteroge-
neity but had no inﬂuence on the ﬁnal result (Supplemental
Fig. 1E, Supplemental Table 2).Ovarian Response of the Unilateral Salpingectomy
Subgroup Compared with that of the Control
Group
Total stimulation dose. Of the 12 studies comparing the total
dose of Gn used between the unilateral salpingectomy and
control groups, only one study (8) showed a statistically sig-
niﬁcant difference. The meta-analysis demonstrated that,
overall, the total stimulation dose after unilateral salpingec-
tomy was not signiﬁcantly different from that of the control
group (IV 0.10 [95% CI 0.00, 0.20]; P¼ .05) and had no evi-
dence of heterogeneity (I2 ¼ 0%). In the subgroup analysis,
no signiﬁcant heterogeneity was found across protocol type
(I2 ¼ 0%), geographic region (I2 ¼ 0%), study method (I2 ¼
0%), or study design (I2 ¼ 9.2%) (Supplemental Fig. 2A,
Supplemental Table 2).
Duration of stimulation. Of the 12 studies comparing the
duration of stimulation in the unilateral salpingectomy and
control groups, none showed a statistically signiﬁcant differ-
ence. Similarly, the meta-analysis demonstrated that, overall,
the duration of stimulation after unilateral salpingectomy
was not statistically signiﬁcantly different from that of the
control group (IV 0.06 [95% CI 0.04, 0.17]; P¼ .21) and
had substantial evidence of heterogeneity (I2 ¼ 34%). In the
sensitivity analysis, the exclusion of any one study did not
materially alter the overall P value or heterogeneity (I2). The
subgroups with estimated heterogeneity were as follows: pro-
tocol type (I2 ¼ 80.8%; if study (7) was excluded, then I2 ¼
48.5%); geographic region (I2¼ 77.4%; if study was excluded,
then I2¼ 0%); study method (I2¼ 0%); and study design (I2¼
75.3%; if study was excluded, then I2 ¼ 0%). Thus, we
excluded the study by Lass et al. (7) because it contributed
to the heterogeneity but had no inﬂuence on the ﬁnal result.
However, the result was still not statistically signiﬁcant (0.09
[0.01, 0.20]; P¼ .08), but it did have lower heterogeneity
(I2 ¼ 14%) (Supplemental Fig. 2B, Supplemental Table 2).
Estrogen on hCG day. Of the eight studies comparing the E
level on hCG injection day in the unilateral salpingectomy
and control groups, none showed a statistically signiﬁcantVOL. 106 NO. 2 / AUGUST 2016difference. Similarly, the meta-analysis demonstrated that,
overall, the E level on hCG injection day after unilateral
salpingectomy was not statistically signiﬁcantly different
from that of the control group (IV 0.05 [95% CI 0.19,
0.09]; P¼ .50) and had substantial evidence of heterogeneity
(I2 ¼ 0%). In the subgroup analysis, no signiﬁcant heteroge-
neity was found for protocol type (I2 ¼ 0%) or study method
(I2 ¼ 0%). The subgroup analysis could not be performed for
geographic region or study design because all relevant studies
were from Asia and were retrospective (Supplemental Fig. 2C,
Supplemental Table 2).
Number of oocytes retrieved. Of the 12 studies comparing
the number of oocytes retrieved in the unilateral salpingec-
tomy and control groups, three (8, 11, 13) showed a
statistically signiﬁcant difference. The meta-analysis demon-
strated that, overall, the number of oocytes retrieved after
unilateral salpingectomy was statistically signiﬁcantly
decreased compared with that of the control group
(IV 0.17 [95% CI 0.27, 0.06]; P¼ .001) and had substan-
tial evidence of heterogeneity (I2 ¼ 31%). In the sensitivity
analysis, with the exclusion of one study (13), the result
was still statistically signiﬁcant (0.13 [0.23, 0.02];
P¼ .02) and had no heterogeneity (I2 ¼ 0%). The subgroups
with estimated heterogeneity were as follows: protocol type
(I2 ¼ 0%); geographic region (I2 ¼ 39.6%, if studies (7, 13)
were excluded, then I2 ¼ 0%); study method (I2 ¼ 0%); and
study design (I2 ¼ 39.6%, if studies (7, 13) were excluded,
then I2 ¼ 0%). Two studies contributing to the
heterogeneity can be considered acceptable and had no
inﬂuence on the results (Supplemental Fig. 2D,
Supplemental Table 2).
Basal level of FSH. Of the six studies comparing the basal
level of FSH in the unilateral salpingectomy and control
groups, none showed a statistically signiﬁcant difference.
Similarly, the meta-analysis demonstrated that, overall, the
basal level of FSH after unilateral salpingectomy was not sta-
tistically signiﬁcantly different from that of the control group
(IV 0.11 [95% CI0.04, 0.25]; P¼ .15) and had substantial ev-
idence of heterogeneity (I2¼ 0%). There was no subgroup het-
erogeneity for protocol type (I2 ¼ 0%); regarding geographic
region, study method, and study design, all six studies were
similar (Supplemental Fig. 2E, Supplemental Table 2).Ovarian Response of the Bilateral Salpingectomy
Group Compared with that of the Control Group
Total stimulation dose. Of the nine studies comparing the to-
tal dose of Gn used in the bilateral salpingectomy and control
groups, two (13, 14) showed a statistically signiﬁcant
difference. The meta-analysis demonstrated that, overall,
the total dose of Gn used after bilateral salpingectomy was
signiﬁcantly increased compared with that of the control
group (IV 0.14 [95% CI 0.02, 0.27]; P¼ .03) and had substan-
tial evidence of heterogeneity (I2 ¼ 58%). In the sensitivity
analysis, with the exclusion of one study (17), the result
was still statistically signiﬁcant (0.23 [0.09, 0.37]; P¼ .001)
but had lower heterogeneity (I2¼ 36%). In the subgroup anal-
ysis, no signiﬁcant heterogeneity was found for protocol type325
ORIGINAL ARTICLE: ASSISTED REPRODUCTION(I2 ¼ 0%), geographic region (I2 ¼ 0%), study method (I2 ¼
0%), or study design (I2 ¼ 0%) (Supplemental Fig. 3A,
Supplemental Table 2).
Duration of stimulation. Of the nine studies comparing the
duration of stimulation in the bilateral salpingectomy and
control groups, only one (14) showed a statistically signif-
icant difference. The meta-analysis demonstrated that,
overall, the duration of stimulation after bilateral salpin-
gectomy was statistically signiﬁcantly increased compared
with that of the control group (IV 0.13 [95% 0.01, 0.26];
P¼ .04) and had substantial evidence of heterogeneity
(I2 ¼ 45%). In the sensitivity analysis, the exclusion of
any one study did not materially alter the overall P value
or heterogeneity (I2). In the subgroup analysis, no substan-
tial heterogeneity was found for protocol type (I2 ¼ 0%),
geographic region (I2 ¼ 0%), study method (I2 ¼ 22.4%),
or study design (I2 ¼ 0%) (Supplemental Fig. 3B,
Supplemental Table 2).
Estrogen on hCG injection day. Of the eight studies
comparing the E level on hCG injection day in the bilateral
salpingectomy and control groups, none showed a statisti-
cally signiﬁcant difference. Similarly, the meta-analysis
demonstrated that, overall, the E level on hCG injection day
after bilateral salpingectomy was not statistically signiﬁ-
cantly different from that of the control group (IV 0.08
[95% 0.22, 0.05]; P¼ .22) and had substantial evidence of
heterogeneity (I2 ¼ 0%). In the subgroup analysis, no signif-
icant heterogeneity was found for protocol type (I2 ¼ 0%) or
study method (I2 ¼ 0%) (Supplemental Fig. 3C, Supplemental
Table 2).
Number of oocytes retrieved. Of the 10 studies comparing
the number of oocytes retrieved in the bilateral salpingec-
tomy and control groups, two (13, 14) showed a
statistically signiﬁcant difference. The meta-analysis
demonstrated that, overall, the number of oocytes retrieved
after bilateral salpingectomy was signiﬁcantly reduced
compared with that of the control group (IV 0.20 [95%
CI 0.32, 0.08]; P¼ .001) and had substantial evidence
of heterogeneity (I2 ¼ 48%). In the sensitivity analysis, the
exclusion of any one study did not materially alter the over-
all P value or heterogeneity (I2). In the subgroup analysis, no
signiﬁcant heterogeneity was found across protocol type
(I2 ¼ 0%), geographic region (I2 ¼ 0%), study method
(I2 ¼ 0%), or study design (I2 ¼ 0%) (Supplemental
Fig. 3D, Supplemental Table 2).
Basal level of FSH. Of the ﬁve studies comparing the basal
level of FSH in the bilateral salpingectomy and control
groups, only one (15) showed a statistically signiﬁcant dif-
ference. The meta-analysis demonstrated that, overall, the
basal level of FSH after bilateral salpingectomy was statis-
tically signiﬁcantly different from that of the control group
(IV 0.21 [95% CI 0.05, 0.37]; P¼ .01) and had substantial
evidence of heterogeneity (I2 ¼ 69%). In the sensitivity
analysis, with the exclusion of one study (17), the result
was statistically signiﬁcant (0.39 [0.20, 0.59]; P< .0001)
and had lower heterogeneity (I2 ¼ 0%). Subgroup heteroge-
neity was found for protocol type (I2 ¼ 62.3%; if study (17)326was excluded, then I2 ¼ 49.5%); regarding geographic
region, study method, and study design, all ﬁve studies
were the same (Supplemental Fig. 3E, Supplemental
Table 2).Ovarian Response of the Unilateral Salpingectomy
Group Compared with that of the Bilateral
Salpingectomy Group
Total stimulation dose. Of the seven studies comparing the
total stimulation dose of the unilateral and bilateral salpin-
gectomy groups, none showed a statistically signiﬁcant dif-
ference. Similarly, the meta-analysis demonstrated that,
overall, the total stimulation dose after unilateral salpingec-
tomy was not statistically signiﬁcantly different from that
of the bilateral salpingectomy group (IV 0.01 [95% CI
0.17, 0.14]; P¼ .06) and had substantial evidence of hetero-
geneity (I2¼ 51%). In the sensitivity analysis, the exclusion of
any one study did not materially alter the overall P value or
heterogeneity (I2) (Supplemental Fig. 4A, Supplemental
Table 2).
Duration of stimulation. Of the seven studies comparing the
total stimulation dose in the unilateral and bilateral salpin-
gectomy groups, none showed a statistically signiﬁcant dif-
ference. Similarly, the meta-analysis demonstrated that,
overall, the total stimulation dose after unilateral salpingec-
tomy was not statistically signiﬁcantly different from that
of the bilateral salpingectomy group (IV 0.00 [95% CI
0.15, 0.16]; P¼ .57) and had substantial evidence of hetero-
geneity (I2 ¼ 0%) (Supplemental Fig. 4B, Supplemental
Table 2).
Estrogen on hCG day. Of the eight studies comparing the to-
tal stimulation dose in the unilateral and bilateral salpingec-
tomy groups, none showed a statistically signiﬁcant
difference. Similarly, the meta-analysis demonstrated that,
overall, the total stimulation dose after unilateral salpingec-
tomy was not statistically signiﬁcantly different from that
of the bilateral salpingectomy group (IV 0.01 [95% CI
0.15, 0.17]; P¼ .95) and had substantial evidence of hetero-
geneity (I2 ¼ 0%). In the sensitivity analysis, the exclusion of
any one study did not materially alter the overall P value or
heterogeneity (I2) (Supplemental Fig. 4C, Supplemental
Table 2).
Number of oocytes retrieved. Of the eight studies comparing
the total stimulation dose in the unilateral and bilateral sal-
pingectomy groups, none showed a statistically signiﬁcant
difference. Similarly, the meta-analysis demonstrated that,
overall, the total stimulation dose after unilateral salpingec-
tomy was not statistically signiﬁcantly different from that
of the bilateral salpingectomy group (IV 0.02 [95%
CI 0.13, 0.17]; P¼ .84) and had substantial evidence of het-
erogeneity (I2¼ 0%). In the sensitivity analysis, the exclusion
of any one study did not materially alter the overall P value or
heterogeneity (I2) (Supplemental Fig. 4D, Supplemental
Table 2).
Basal FSH level. Of the ﬁve studies comparing the total stim-
ulation dose in the unilateral and bilateral salpingectomyVOL. 106 NO. 2 / AUGUST 2016
Fertility and Sterility®groups, none showed a statistically signiﬁcant difference.
Similarly, the meta-analysis demonstrated that, overall, the
total stimulation dose after unilateral salpingectomy was
not statistically signiﬁcantly different from that of the bilat-
eral salpingectomy group (IV 0.11 [95% CI 0.29, 0.07];
P¼ .27) and had substantial evidence of heterogeneity (I2 ¼
23%). In the sensitivity analysis, the exclusion of any one
study did not materially alter the overall P value or heteroge-
neity (I2) (Supplemental Fig. 4E, Supplemental Table 2).Comparison of the Ovarian Response between the
Ipsilateral Ovary and Contralateral Ovary in the
Unilateral Salpingectomy Subgroup
Number of oocytes retrieved. Of the 10 studies comparing
the number of oocytes retrieved from the ipsilateral ovary
and contralateral ovary in the unilateral salpingectomy sub-
group, three (7, 11, 13) showed a statistically signiﬁcant
difference. The meta-analysis demonstrated that, overall,
the number of oocytes retrieved was statistically signiﬁcantly
decreased (IV 0.24 [95% CI 0.35, 0.13]; P< .0001) and
had substantial evidence of heterogeneity (I2 ¼ 48%). In the
sensitivity analysis, the exclusion of any one study did not
materially alter the overall P value or heterogeneity (I2). The
subgroups with estimated heterogeneity were as follows: pro-
tocol type (I2¼ 59.2%); geographic region (I2¼ 60.5%); study
method (I2 ¼ 84.8%); and study design (I2 ¼ 59.2%). Given
the extensive heterogeneity demonstrated in the subgroup
analysis, a random-effects model was used (IV 0.25 [95%
CI 0.40, 0.10]; P¼ .0008) (Supplemental Fig. 5).Publication Bias
Visual inspection of the Begg's funnel plots identiﬁed sub-
stantial asymmetry, which indicated no evidence of publica-
tion bias among the studies for all outcomes.
DISCUSSION
Statement of Principal Findings
Concern is rapidly growing regarding the safety of ART and
its effect on maternal well-being, despite its current success.
Whether salpingectomy reduces ovarian response to hyper-
stimulation has been discussed for many years. However,
most published studies have had a small sample size, resulting
in less reliability. Our meta-analysis included 25 studies and
involved 1,935 patients who underwent salpingectomy and
2,893 patients in the control group. This meta-analysis pro-
vided greater statistical power and was designed to provide
updated evidence regarding whether salpingectomy impairs
ovarian response. An improved understanding of this issue
may have important clinical implications that are useful not
only for counseling ART patients, including patients with hy-
drosalpinx or tubal ectopic pregnancy, but also for selecting
the best therapeutic methods.
The results of the meta-analysis suggest that salpingec-
tomy may impair ovarian response during hyperstimulation
in IVF. Speciﬁcally, the total dose of Gn used was signiﬁ-
cantly increased after salpingectomy (bilateral or combined)
compared with that of the control group, regardless of theVOL. 106 NO. 2 / AUGUST 2016duration of stimulation and E level on hCG injection day.
The number of oocytes retrieved, which is one of the most
important parameters in IVF, was signiﬁcantly decreased
when the data were analyzed separately (i.e., unilateral/bilat-
eral salpingectomy vs. the control group), but it was not
signiﬁcantly different when the two types of salpingectomy
were combined. No signiﬁcant difference was found when
comparing the ovarian response of the unilateral salpingec-
tomy group with that of the bilateral group. In addition, a sta-
tistically signiﬁcant reduction in the number of oocytes
retrieved from the ipsilateral ovary compared with the contra-
lateral ovary was found. Unilateral salpingectomy may lead
to an increase in FSH level. However, given the obvious het-
erogeneity observed in some parameters, the signiﬁcant dif-
ferences found in the meta-analysis must be considered
with caution.Limitations of the Study
The methodologic quality of the included studies was gener-
ally poor. Some of the included studies had a relatively small
sample size. In addition, most were retrospective studies that
did not use a method of allocation concealment when
dealing with data and were not designed as rigorously as
clinical randomized trials. Therefore, recall and selection
biases could not be avoided, thus restricting the strength
and quality of the evidence. When we evaluated the meth-
odologic quality with regard to blinding, only two of the
included studies clearly reported the use of blinding in the
methods.
There were also limitations in the meta-analysis itself.
First, it is possible that not all relevant studies were
retrieved. Second, the selection of parameters reﬂecting
ovarian response was also limited. The original considered
parameters of interest included ovarian volume, antral fol-
licle counts, and the level of antim€ullerian hormone, in
addition to the ﬁnal outcomes of interest. However, not
all parameters were reported in the studies. Third, there
was substantial clinical heterogeneity among the studies
regarding the daily dose of Gn. Finally, the surgical tech-
nique of each study was not the same, but most of them
did not provide detailed descriptions. If the surgical tech-
nique had been provided and analyzed, such as laparotomy
or laparoscopy and the exact position of the tube during
surgery, then the results of the study might have been
different. Other kinds of heterogeneity also existed.
Although we conducted subgroup and sensitivity analyses,
the source of heterogeneity among the studies was still not
completely clear. Although a potential publication bias
could inﬂuence the ﬁndings, little evidence of publication
bias was observed. Finally, we only included studies pub-
lished in English or Chinese. Therefore, additional research
in other populations and languages is warranted to support
a generalization of the results.Implications of the Study
Several recent studies have indicated that patients who un-
derwent salpingectomy showed no impairment of ovarian327
ORIGINAL ARTICLE: ASSISTED REPRODUCTIONstimulation during ART treatment (16–29). However, other
studies reported a signiﬁcant reduction in the ovarian
response (5–15). A theoretical decrease in ovarian blood
perfusion may result after salpingectomy, because some of
the blood supply to the ovary is received through the
branches of the uterine artery and the mesosalpingeal
vascular arcade. In the rat model, ovulatory function may
be affected directly by a reduction in the ovarian blood
supply; however, in the rabbit model, ﬁmbriectomy
resulted in a reduced number of corpus luteum (34, 35).
The most common reasons for salpingectomy include the
presence of hydrosalpinges and tubal ectopic pregnancy,
which frequently occur. The presence of hydrosalpinges in
women undergoing IVF-ET has been suggested as an adverse
prognostic factor in the outcome of ART, reducing implanta-
tion and pregnancy rates (36). Many published retrospective
studies have reported a statistically signiﬁcant or suggestive
negative impact. In addition, the meta-analysis conﬁrmed a
signiﬁcant decrease in the probability of pregnancy and a
signiﬁcant increase in the probability of spontaneous abor-
tion in the presence of hydrosalpinx. Given the harmful as-
pects of hydrosalpinx, several types of treatment methods
exist. Prophylactic salpingectomy is beneﬁcial, especially
for IVF patients. However, there are many other treatments,
such as proximal tubal occlusion, ultrasound-guided aspira-
tion, and sclerotherapy. Potentially because of a small sam-
ple size, Fouda et al. (37) found no signiﬁcant difference in
the ovarian response and pregnancy outcomes between sal-
pingectomy and proximal tubal occlusion. Na et al. (38)
investigated the value of sclerotherapy in managing hydro-
salpinx and found that sclerotherapy resulted in a larger
number of oocytes retrieved, but the pregnancy rate was
not signiﬁcantly different from that of salpingectomy.
Regarding tubal ectopic pregnancy, which is also a common
occurrence in women, the therapeutic methods include sal-
pingectomy, conservative surgery, and pharmacotherapy.
Salpingectomy is the most commonly used method.
However, given the growing evidence that salpingectomy
is harmful to ovarian function, the potential difﬁculties of
salpingectomy should be included in the guidance of surgery
options.
Our meta-analysis results suggest that salpingectomy
may impair the ovarian response. Additional evidence for
impairment was present in the selected studies, including de-
creases in basal antral follicle count (8) and increases in anti-
m€ullerian hormone (15) with salpingectomy. Thus, if a
consensus could be reached among specialists, then better
methods for hydrosalpinx and ectopic pregnancy could be
used with less adverse effects. However, analyses of the ef-
fects of the surgical method (laparoscopy or laparotomy),
enlargement of sample size, and examination of data not
only from patients undergoing IVF or ICSI but also from pa-
tients monitoring ovulation and undergoing other ART
methods are needed in future studies.
In summary, our study included a large number of par-
ticipants, thus giving it substantial statistical power, and
aimed to examine whether salpingectomy presents side ef-
fects with the ovarian response to hyperstimulation during
IVF. Although the roles of potential publication bias and328evidence of heterogeneity should be carefully evaluated,
the present study indicated that salpingectomy may impair
ovarian response. Further high-quality research is needed
to conﬁrm our ﬁndings and to develop therapeutic methods
that are alternatives to salpingectomy for maternal well-
being.
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SUPPLEMENTAL FIGURE 1
Ovarian response of the salpingectomy group compared with that of the control group (raw data). (A) Total stimulation dose. (B) Duration of
stimulation. (C) Estrogen on hCG injection day. (D) Number of oocytes retrieved. (E) Basal level of FSH.
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SUPPLEMENTAL FIGURE 2
Ovarian response of the unilateral salpingectomy subgroup compared with that of the control group (raw data). (A) Total stimulation dose. (B)
Duration of stimulation. (C) Estrogen on hCG injection day. (D) Number of oocytes retrieved. (E) Basal level of FSH.
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SUPPLEMENTAL FIGURE 3
Ovarian response of the bilateral salpingectomy group compared with that of the control group (raw data). (A) Total stimulation dose. (B) Duration
of stimulation. (C) Estrogen on hCG injection day. (D) Number of oocytes retrieved. (E) Basal level of FSH.
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SUPPLEMENTAL FIGURE 4
Ovarian response of the unilateral salpingectomy group compared with that of the bilateral salpingectomy group (raw data). (A) Total stimulation
dose. (B) Duration of stimulation. (C) Estrogen on hCG injection day. (D) Number of oocytes retrieved. (E) Basal level of FSH.
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SUPPLEMENTAL FIGURE 5
Comparison of the ovarian response between the ipsilateral ovary and contralateral ovary in the unilateral salpingectomy subgroup: number of
oocytes retrieved (raw data).
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